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© Continuously variable transmission with an adjustable pump. 
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© A continuously variable transmission provided 
with a primary pulley (2, 3) mounted on a primary (1) 
shaft and a secondary pulley (8, 9) mounted on a 
secondary shaft (7). A transmission means (14) is 
passed over said pulleys (2, 3, 8, 9). Both the 
primary pulley (2. 3) and the secondary pulley (8, 9) 
comprise a pair of discs. At least one of said discs is 



axially movable by means of a hydraulic cylinder (4, 
11). so as to adjust the position of the transmission 
means around the pulleys and thus the transmission 
ratio of the transmission means. The pump (20) for 
providing fluid to said hydraulic cylinders (4, 11) has 
a variable delivery, so as to enhance the transmis- 
sion efficiency. 
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The invention relates to a continuously variable 
transmission provided with a primary pulley moun- 
ted on a primary shaft and a secondary pulley 
mounted on a secondary shaft, both the primary 
pulley and the secondary pulley comprising a pair 
of discs, at least one of said discs being axially 
movable by means of a hydraulic cylinder so as to 
adjust the transmission ratio, with a transmission 
means passed over the pulleys, as well as with a 
pump for providing a fluid for said hydraulic cyl- 
inder. 

Such a continuously variable transmission is 
known from European Patent Specification No. 
0,011,342, and is in particular used in vehicles, but 
has other applications as well. The transmission 
ratio of the transmission is adjusted by the axial 
movement of at least of the discs of the pulleys, as 
a result of which the effective radius of the trans- 
mission means between the pulleys is changed 
and the transmission ratio is changed accordingly. 
The axial movement of the discs is effected by 
means of hydraulic cylinders, which are fed with 
fluid by a pump. The pressure and/or the delivery 
of the fluid should at all times be such that the 
required axial movement of the discs is achieved, 
whilst moreover the transmission means is 
clamped between the pulleys in such a manner 
that no slip can occur between the transmission 
means and the pulleys. On the basis of this the 
required pressure and/or the delivery of the fluid 
supplied by the pump may strongly vary during 
operation of the transmission, dependent on the 
operating condition of the transmission. The pump 
of the known transmission is always selected such 
that a sufficiently large pressure and/or delivery is 
provided by the pump at all times. A disadvantage 
of the known transmission is thereby that for many 
operating conditions the pump is strongly over- 
dimensioned and is thus responsible for a substan- 
tial loss of efficiency of the transmission. 

The object of the invention is to overcome the 
drawbacks of the known continuously variable 
transmission and provide a continuously variable 
transmission which has an improved efficiency. In 
order to accomplish that objective the continuously 
variable transmission according to the invention is 
characterized in that the pump has a regulable 
delivery. 

By using a pump with a regulable delivery the 
delivery of the pump can at all times be adapted to 
the specific momentaneous operating condition of 
the continuously variable transmission. As a result 
of that the pump is no longer overdimensioned and 
the efficiency of the transmission will be enhanced, 
because the regulated pump delivery will at all 
times be as much as possible adapted to the 
required delivery, as a result of which transmission 
losses due to the pump power taken is strongly 



reduced. 

The pump used according to the invention is 
preferably a continuously variable pump (e.g. a 
vanes pump, an axial-radial plunger pump, a pump 

5 having internal or external teeth), but it may also be 
regulable in steps. The pump which is regulable in 
steps may be assembled of parallel pump parts, or 
be multi-polar. The pump parts or pump poles may 
thereby be arranged in such a manner that the 

10 pump parts/poles each have a different delivery. 

According to a further elaboration of the inven- 
tion the continuously variable transmission is pro- 
vided with control means which control the pump 
delivery independently of the operating conditions 

15 of the transmission. Important operating conditions 
within this framework are the speeds of the primary 
and/or secondary shaft, as well as decelerations 
and/or accelerations thereof, whether or not in their 
mutual ratios. When the transmission is used in a 

20 vehicle, data such as vehicle speed, acceleration, 
deceleration, accelerator pedal position and brake 
pedal position as well as their derivatives in time 
can be used accordingly advantageously. 

The control means may be mechanical, hy- 

25 draulic or electronic means, as well as combina- 
tions thereof. The electronic control means prefer- 
ably also comprise selection means, whereby mu- 
tually different data are stored in the memory 
thereof, said data relating to a certain optimum 

30 choice with regard to the manner of regulating the 
pump delivery in relation to the operating con- 
ditions of the transmission. 

With pumps assembled from parallel pump 
parts and with multi-polar pumps the control means 

35 may advantageously comprise a control valve 
which is disposed in a connecting line between the 
inlet and outlet of the pump part/pole. By opening 
casu quo closing the control valve the pipe be- 
tween the inlet and outlet opening of the pump 

40 part/pole is opened casu quo closed, as a result of 
which, when the control valve is opened, there is 
no longer a pressure difference between the inlet 
and the outlet and said pump part/pole is discon- 
nected, whilst when the control valve is closed said 

45 pump part/pole is completely operative and contri- 
butes towards the pump delivery that is provided. 
This may be used to selectively connect the pump 
part or the pump pole. According to the invention 
the control valve may furthermore be regulated 

so directly or indirectly by an on/off solenoid. 

The invention will be explained with reference 
to a drawing. In the drawing: 

Figure 1 shows a continuously variable transmis- 
sion with a pump according to prior art; 

55 Figure 2 shows a diagram with a delivery re- 
quirement of the transmission in dependence on 
the rpm and specific operating conditions; 
Figure 3a shows an embodiment of the invention 
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having two poles, both of them connected; 

Figure 3b shows the embodiment according to 

Figure 3a, with one pump pole connected and 

one pump pole disconnected; 

Figure 3c shows a possible pump characteristic 

(pump delivery in dependence of the rpm) for 

the pump according to Figures 3a, 3b; 

Figure 4 shows a possible pump characteristic 

for storage in the memory of the selection 

means for the transmission according to Figure 

3. 

Figure 1 shows a hydraulic/mechanical continu- 
ously variable transmission such as is known from 
European Patent Specification No. 0,01 1 ,342. It will 
be apparent, however, that the invention may be 
used correspondingly in other types of continu- 
ously variable transmissions which are controlled 
by electronic, hydraulic or other means. The con- 
tinuously variable transmission according to Figure 
1 will be discussed within this framework so as to 
elucidate the continuously variable transmission per 
se. 

The continuously variable transmission com- 
prises a primary shaft 1 , e.g. driven by a motor of 
a vehicle, and has a fixed and an axially movable 
conical disc 2, 3, which together form the primary 
pulley. The disc 3 comprises the piston of cylinder 
5 comprising the cylinder space 4, and may be 
axially moved by supplying and discharging fluid 
via the line 6. Furthermore a secondary shaft 7 is 
present, which is e.g. connected to the wheels of a 
vehicle so as to drive the vehicle, and which is 
likewise provided with a fixed and an axially mov- 
able conicaJ disc 8, 9, together forming the secon- 
dary pulley. The disc 9 is integrally connected to 
the cylinder 10, in which the piston 11 having a 
fixed connection to the secondary shaft 7 is 
present, so that the cylinder space 12 is enclosed. 
Via the line 13 fluid can be supplied to and dis- 
charged from the cylinder space 12. An endless 
transmission means 14, such as a thrust belt, chain 
or different driving belt is passed over the primary 
and the secondary pulley. By axially moving the 
conical discs 3 and 9 the radii of the transmission 
means 14, and thus the transmission ratio may be 
varied. The axial movement of the conical discs is 
effected by supplying or discharging fluid to or 
from the cylinder spaces 4 and 1 1 . The pressure of 
the fluid in the cylinder space 11 is used to exert 
sufficient pressure on the endless transmission 
means 14, in order to prevent slip of the transmis- 
sion means between the secondary and the pri- 
mary pulley in this manner. The pressure and the 
delivery in the lines 6 and 13 to the cylinder 
spaces 4 and 1 2 are regulated by a control unit 20. 
This control unit may be a hydraulic, electronic or 
mechanical control unit, or a combination thereof. 
The required pressures and deliveries can be regu- 



lated by the control unit 20, on the basis of a 
multitude of variables (V1 - Vn) such as the trans- 
mission ratio, the speed of the primary /secondary 
shaft, the vehicle speed, accelerations and decel- 

5 erations of the vehicle, accelerator pedal position 
etc. The control unit 20 is fed, via a line 21 coupled 
to the line 13, by a pump 15 sucking in fluid, e.g. 
from a reservoir 16 via a filter 19. The pump 
thereby puts the fluid under a certain pressure. Any 

ro excess fluid is discharged by the control unit via 
the line 22. 

The pump delivery required for the pressure on 
the transmission means and for controlling the 
transmission ratio of the continuously variable 

75 transmission varies strongly, dependent on the op- 
erating conditions of the transmission. A few exam- 
ples of operating conditions in combination with the 
pump delivery in dependence on the rpm of the 
primary shaft are shown in Figure 2. Normal driving 

20 conditions are indicated by the line 23. The pump 
delivery which is required thereby remains rela- 
tively low across the entire rpm. Line 24 indicates 
the course of the required pump delivery in case of 
an an emergency stop. The required pump delivery 

25 strongly increases thereby, since the transmission 
must change down very quickly in order to make it 
possible to drive off quickly again, which may be 
required for safety reasons. Also with so-called 
"kick-down" actions, when the accelerator pedal is 

30 depressed completely, e.g. when overtaking a ve- 
hicle, a substantial delivery is required, both in the 
low rpm range (line 25) and in the high rpm range 
(line 26). 

In order to be able to provide an adequate 

35 delivery at all times, under all operating conditions, 
the pump according to prior art. such as e.g. de- 
scribed in European Patent Specification No. 
0,001,342, is selected such that the pump delivery 
is larger than the maximum delivery required. This 

40 means that the known pump is strongly overdimen- 
. sioned and that substantial efficiency losses occur 
in the transmission, because in practically all op- 
erating conditions the pump circulates more fluid 
than is necessary. 

45 According to the invention this may be over- 
come by using a pump with a regulable delivery, 
such as a continuously variable pump or a pump 
which is variable in steps, e.g. a composite pump 
or a multi-polar pump. 

so Figure 3 shows an embodiment of the invention 
having a bipolar roller vanes pump 31. The pump 
31 sucks fluid from the reservoir 33 via the line 32 
by means of two inlets 34. 35, and discharges 
medium via outlets 36 and 37 respectively. In the 

55 roller vanes pump, whose operation is considered 
to be known, the fluid between the inlet 34 and the 
outlet 36. as well as between the inlet 35 and the 
outlet 37, is pressurized. The pump 31 may further- 
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more be designed such that the deliverys between 
Inlets/outlets 34, 36 and 35, 37 are different and 
determine the entire pump delivery e.g. in a ratio of 
60/40 %. The medium pressurized by the pump is 
discharged to the transmission via the line 38. 
According to the invention the pump delivery is 
regulable by rendering one or more pump poles 
pressureless. In the present embodiment the pump 
pole having inlet/outlet 35, 37 can be rendered 
pressureless by communicating the outlet 37 with 
the inlet 35. For this purpose a control valve 39 is 
provided in a line 40, which is connected to the 
outlet 37. In Figure 3a the control valve 39 is 
illustrated in closed condition, so that no fluid is 
allowed to flow to the line 32 via the line 40. As a 
result the pump pole with the inlet 35 and the 
outlet 37 is pressurized and fluid is discharged to 
the transmission via the line 38. In figure 3b the 
control valve is shown in open condition, however, 
so that fluid can flow to the line 32 via the line 40 
and the control valve 39. Thus the pump pole with 
the inlet 35 and the outlet 37 has become pres- 
sureless, and therefore does not take part in the 
pump delivery provided by the pump. In order to 
prevent the fluid of the active pump pole with the 
inlet 34 and the outlet 36 from flowing out a non- 
return valve is provided in the connection between 
the outlet 36 and the outlet 37. 

As a result of these measures the pump deliv- 
ery is regulable. This is illustrated once more in 
Figure 3c. The line 42 thereby indicates the deliv- 
ery provided by the pump in dependence on the 
rpm if only one pump pole is used, the pole with 
the inlet 34 and the outlet 36 in this case. Line 43 
indicates the delivery supplied by the pump if both 
pump poles (inlet/outlet 34, 36 and inlet/outlet 35, 
37) are operated. As already said before the deliv- 
ery of the two poles can be selected differently 
(e.g. 60/40 %) by adapting the pump design, so 
that the angle of inclination of the lines 42 and 43 
may vary. Figure 1 shows an example whereby up 
to a certain rpm N1 both pumps are connected and 
whereby above said rpm only one pump pole pro- 
vides a delivery, as a result of which the entire 
delivery provided by the pump decreases from D1 
to D2, and from there increases along with the rpm 
again. As a result of this the pump provides a 
substantially smaller delivery across a certain rpm 
range than is the case when both pump poles are 
operative. As a result of this the efficiency loss of 
the transmission as a result of the pump power 
consumed has been considerably reduced. 

It will be apparent that besides on the basis of 
the rpm the pump may also be controlled on the 
basis of a large number of variables, such as the 
speed of the primary shaft (Np) and or the secon- 
dary shaft (Ns) of the transmission, as well as 
accelerations or decelerations (al) thereof. When 



the pump is used in a vehicle corresponding vari- 
ables such as vehicle speed (V1), engine rpm 
(Nm), accelerations or decelerations (o2) thereof, 
as well as the accelerator pedal position (£) and 

5 brake pedal position, or the derivatives in time 
thereof, can be used. For this purpose electronic, 
mechanical or hydraulic control means may be 
used. Figure 3 shows an electronic control unit with 
selection means 44, which is fed with one or more 

10 of the above variables. Furthermore the line pres- 
sure p in the line 13 regulated by the control unit 
20 is fed as a variable. The control unit 44 com- 
prises selection means, in whose memory data are 
stored relating to a certain optimum selection with 

75 regard to the manner of regulating the pump deliv- 
ery in relation to the aforesaid variables to be input 
as a measure of the specific momentaneous op- 
erating condition of the transmission. 

Thus e.g. the pump characteristic according to 

20 Figure 4 may be stored in the memory of the 
selection means, as a relation between the line 
pressure p and the rpm Np of the primary shaft. 
The selection means may thereby be arranged in 
such a manner that in the range 45* both poles of 

25 the pump 31 are used at all times, whilst in the 
range 46* one single pole of the pump 31 is used 
at all times. In the intermediate range 47' the 
selection means may then determine, on the basis 
of the other variables which are input as a measure 

30 of the momentaneous operating conditions of the 
transmission, whether one or both poles of the 
pump 31 will be used. Preferably the selection 
means compare the input value with a limit value or 
differential value stored in the memory whereby, 

35 when said values are exceeded, the control means 
are activated and the pump delivery is thus adapt- 
ed. Thus it is possible to compare e.g. the accel- 
erator pedal position or the derivative in time with a 
stored limit value thereof. Or the required speed of 

40 the primary shaft is compared with the actual 
speed of the primary shaft. When a differential 
value stored in the memory is exceeded the control 
means could be activated. The variables may be 
standardized e.g. by transmission variables with 

45 corresponding vehicle variables. 

In the embodiment according to Figure 3 the 
control unit 44 delivers a signal to an on/off sole- 
noid 45, which is disposed in a line 46. The on/off 
solenoid 45 may thereby open or close the con- 
so nection between the line 46 and a line 47 to the 
control valve 39. As a result the control valve 39 is 
closed (Figure 3b), resulting in only one pump pole 
being used, or opened (Figure 3a), resulting in both 
pump poles being used. 

55 It will be apparent that as a result of the de- 

scribed regulation of the delivery provided by the 
pump the efficiency of the transmission will be 
considerably enhanced because the pump circu- 
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lates substantially less fluid, which is not used for 
the control of the transmission. The illustrated em- 
bodiment shows a pump having two pump poles. 
Otherwise all this is correspondingly applicable to 
assembled pumps, in which one or more pumps 
are provided in parallel and one or more pumps 
may be selectively connected or disconnected or 
be rendered pressureless. As will be apparent the 
best regu lability is achieved when using a continu- 
ously variable pump. The invention is thus not 
limited to the illustrated embodiment. 

Claims 

1. A continuously variable transmission provided 
with a primary pulley mounted on a primary 
shaft and a secondary pulley mounted on a 
secondary shaft, both the primary pulley and 
the secondary pulley comprising a pair of 
discs, at least one of said discs being axially 
movable by means of a hydraulic cylinder so 
as to adjust the transmission ratio, with a trans- 
mission means passed over the pulleys, as 
well as with a pump for providing a fluid for 
said hydraulic cylinder, characterized in that 
the pump has a regulable delivery. 

2. A continuously variable transmission according 
to claim 1 , characterized in that the pump is a 
continuously variable pump. 

3. A continuously variable transmission according 
to claim 1 , characterized in that the delivery of 
the pump is regulable in steps. 

4. A continuously variable transmission according 
to claim 3, characterized in that the pump is a 
composite pump with parallel pump parts. 

5. A continuously variable transmission according 
to claim 3, characterized in that the pump is 
multi-polar. 

6. A continuously variable transmission according 
to claim 5, characterized in that the pump is 
bipolar. 

7. A continuously variable transmission according 
to any one of the claims 3-6, characterized in 
that the pump parts/poles each have a different 
delivery. 

8. A continuously variable transmission according 
to any one of the preceding claims, character- 
ized in that control means are provided which 
regulate the required pump delivery in depen- 
dence on the operating conditions of the trans- 
mission. 



9. A continuously variable transmission according 
to claim 8, characterized in that the control 
means regulate the required pump delivery in 
dependence on one or more of the following 
5 operating conditions: the speed of the primary 

shaft, the speed of the secondary shaft, as well 
as acceleration or deceleration thereof, and the 
line pressure in the transmission. 

w 10. A continuously variable transmission according 
to claim 8, characterized in that the control 
means regulate the required delivery in depen- 
dence on one or more operating conditions of 
the vehicle, such as the engine rpm, the ve- 

75 hide speed, acceleration or deceleration there- 

of, as well as the accelerator pedal brake pedal 
positions and the derivatives in time thereof. 

11. A continuously variable transmission according 
20 to any one of the preceding claims, character- 
ized in that the control means are mechanical 
hydraulic control means. 

12. A continuously variable transmission according 
25 to any one of the preceding claims, character- 
ized in that the control means are hydraulic 
control means. 

13. A continuously variable transmission according 
30 to any one of the preceding claims, character- 
ized in that the control means are electronic 
control means. 

14. A continuously variable transmission according 
35 to any one of the preceding claims, character- 
ized in that the electronic control means com- 
prise selection means, whereby mutually dif- 
ferent data are stored in the memory thereof, 
said data relating to a certain optimum choice 

40 with regard to the manner of regulating the 
pump delivery in relation to the operating con- 
ditions of the transmission. 

15. A continuously variable transmission according 
45 to claim 14, characterized in that an input 

signal is supplied to an input of the selection 
means as a measure of the accelerator pedal 
position (£) and is compared with a limit value 
thereof (0 limit) which is stored in the memory, 
so and that when the limit value is exceeded the 
control means can be activated so as to adapt 
the pump delivery. 

16. A continuously variable transmission according 
55 to claim 14, characterized in that an input 

signal is supplied to an input of the selection 
means as a measure of the change in the 
accelerator pedal position (£) and is compared 
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with a limit value thereof (0 limit) which is 
stored in the memory, and that when the limit 
value is exceeded the control means can be 
activated so as to adapt the pump delivery. 

5 

17. A continuously variable transmission according 
to claim 14, characterized in that an input 
signal is supplied to an input of the selection 
means as a measure of the required speed of 
the primary shaft (Np required) and is com- to 
pared with an input singal as a measure of the 
actual speed of the primary shaft (Np actual) 
and is compared with a differential value which 
is stored in the memory, and that when said 
differential value is exceeded the control 15 
means can be activated so as to adapt the 
pump delivery. 

1S. A continuously variable transmission according 

to claim 17, characterized in that the input 20 
signals for the required casu quo the actual 
speed of the primary shaft are standardized for 
the required and the actual vehicle speed re- 
spectively. 

25 

19. A continuously variable transmission according 
to claim 14, characterized in that an input 
signal is supplied to an input of the selection 
means as a measure of the deceleration of the 
vehicle and is compared with a deceleration 30 
value which is stored in the memory, and that 
when the deceleration value is exceeded the 
control means can be activated so as to adapt 

the pump delivery. 

35 

20. A continuously variable transmission according 
to claim 14, characterized in that the pump 
characteristic is stored in the memory of the 
selection means. 

40 

21. A continuously variable transmission according 
to any one of the preceding claims, character- 
ized in that the control means comprise a 
control valve, which is disposed in a connect- 
ing line between the inlet and outlet of a pump 45 
part/pole, so as to open casu quo close said 
connecting line. 

22. A continuously variable transmission according 

to claim 21 , characterized in that the control so 
valve is coupled to an on/off solenoid. 

23. A continuously variable transmission according 
to claim 22, characterized in that the on/off 
solenoid is coupled to an output of the selec- 55 
tion means. 
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